Abstract: Polymer blends of WRT (waste rubber tire) powder/LLDPE (linear low density polyethylene) have been attempted to prepare thermoplastic elastomers (TPEs). The effects of maleic anhydride-grafted styrene-ethylene-butylene-styrene (SEBS-g-MA) and dicumyl peroxide (DCP) on mechanical, morphological and thermal properties of the blends were evaluated using universal testing machine (UTM), scanning electron microscopy (SEM), differential scanning calorimetry (DSC) and thermogravimetric analyses (TGA). It was found that combination of SEBS-g-MA and DCP could better enhance the mechanical properties of WRT powder/LLDPE blends compared to SEBS-g-MA or DCP alone. Better compatibility between WRT powder and LLDPE was responsible for the enhancement of mechanical properties, as supported by SEM. The incorporation of SEBS-g-MA and DCP with WRT powder/LLDPE blends reduced the crystallizable perfectness of the blends, but slightly increased the thermal stability of the blends, as shown from DSC and TGA results.
Introduction
In order to solve the acute problem of disposal of waste rubber tires over the years, a lot of research has been done on utilization of waste rubber tire powder by incorporating WRT powder into thermoplastics to obtain thermoplastic elastomers (TPEs). Of course the mechanical properties of the rubber-filled plastics depend on both the nature of the thermoplastic matrix and the WRT powder as well. A number of reports focus on methods to promote the adhesion between these immiscible blend components. Besides surface treatments of the WRT powder via UV initiated monomer crafting [1] , electron beam radiation [2] , or thermomechanical treatment [3] , the use of compatibilizer such as methacrylates [4] , silanes [5] or maleic anhydride grafted PP [6] is reported. Other author reported the preparation of dynamically crosslinked TPEs [7] [8] [9] . Former studies on WRT powder/LLDPE have reported the effect of particle size and content of WRT powder as well as the content of compatibilizer or crosslinking agent on the mechanical properties [10] [11] [12] , but no attention has been given to the effect of combination of SEBS-g-MA and DCP on the properties of the blends. The objective of this work is to discuss the influence of mechanical, morphological and thermal properties of WRT powder/LLDPE blends in the presence of SEBS-g-MA and DCP as compatibilizer and crosslinking agent respectively. Figure 1 shows mechanical properties of the blends. From Figure 1 , it was found that the blend using combination of SEBS-g-MA and DCP (d) exhibited the best mechanical properties compared with the blends using SEBS-g-MA (b) and DCP (c) alone. This should be due to the dynamic reaction of SEBS-g-MA and DCP; namely compatibilzer (SEBS-g-MA) had a certain extent compatibility with LLDPE but also MA of SEBS-g-MA could react with phenolic-hydroxyl group of carbon black in WRT powder, as shown by FTIR. Figure 2 shows FTIR of the blends. For WRT powder/LLDPE/SEBS-g-MA=60/40/10 blend, it was found that the peak at 1710 cm -1 that corresponds to the -C=O stretching vibrations of maleic anhydride group in SEBS-g-MA disappeared and the new peak at 1741 cm -1 that corresponds to the -C=O stretching vibrations of formed ester group due to SEBS-g-MA reacting with WRT powder appeared. The reactive mechanism can be seen in Scheme 1. Besides being crosslinking agent (DCP) to LLDPE, WRT powder could form different macromolecule-free radicals respectively (R 1 · and R´·), which could react to form crosslinking polymer [13] . Crosslinking mechanism can be seen in Scheme 2. Therefore the presence of SEBS-g-MA and DCP could improve the interface adhesion between two phases, namely improve compatibility between two phases. Enhanced compatibility could endow better mechanical properties to the blends. to Figure 3d ) were more unclear compared with that of the blend without dynamic reaction (Figure 3a) . Figure 3e to Figure 3f , in higher magnification, shows SEM micrographs of the fracture surface for the blends after tensile measurement. From Figure 3e , it was found that a clear interface existed between two phases for WRT powder/LLDPE=60/40 blend. From Figure 3f and Figure 3g , it was found that a relatively blurry interface existed between two phases for WRT powder/LLDPE/SEBS-g-MA=60/40/10 blend and WRT powder/LLDPE/DCP=60/40/3 blend. From Figure 3h , it was found that almost no interface existed between two phases for WRT powder/LLDPE/DCP/SEBS-g-MA=60/40/3/10 blend. It was very obvious that the blends with dynamic reaction had enhanced interfacial adhesion between two phases. The detailed values of T m of WRT powder/LLDPE blends are seen in Table 1 . From Table 1 , it could be seen that T m of blends were slightly lower than that of pure LLDPE, and T m of blends further decreased with addition of SEBS-g-MA and DCP, according to the sequence: pure LLDPE > WRT powder/LLDPE=60/40 blend > WRT powder/LLDPE/SEBS-g-MA=60/40/10 blend > WRT powder/LLDPE/DCP/SEBS-g-MA=60/40/3/10 blend. Gradual decrease of T m of the blends explained the gradual decrease of crystallizable perfectness of the blends, which should be ascribed to the occurrence of dynamic reaction among component resulted in more limitation in regular arrangement of LLDPE molecular segment. Expatiation on dynamic reaction of the blends is mentioned above.
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Results and discussion
Mechanical properties of WRT powder/LLDPE blends
Morphological properties of WRT powder/LLDPE blends
-Thermal stability of WRT powder/LLDPE blends Figure 4 shows the first derivative TG curve as a function of temperature, obtained from thermogravimetric curve. In Figure 4 , there are two decomposition steps related to decomposition of different component for pure WRT powder, whereas there is only a decomposition step for pure LLDPE or pure SEBS-g-MA. The DTG curves consist of two decomposition steps for the blends. The first decomposition step, namely the peak in lower temperature was mainly related to decomposition of WRT powder; whereas the second decomposition step, namely the peak in higher temperature was mainly related to decomposition of LLDPE. In addition, it was found that thermal stability of the blends was obviously better than that of pure WRT powder, and two decomposition peaks of the blends shifted to the higher temperature with the addition of SEBS-g-MA and DCP. The detailed values of T max1 (temperature for maximum rate of decomposition in first decomposition step) and T max2 (temperature for maximum rate of decomposition in second decomposition step) of WRT powder/LLDPE blends are seen in Table 1 . It was notable that the addition of WRT powder to LLDPE could obviously improve thermal stability in the second decomposition step, namely T max2 for WRT powder/LLDPE=60/40 blend was higher than temperature for maximum rate of decomposition of pure LLDPE. The phenomenon may have resulted from the antioxidation of phenolic-hydroxyl group of carbon black in WRT powder [14] . Besides, the addition of SEBS-g-MA and DCP to WRT powder/LLDPE blend could slightly improve thermal stability of two decomposition steps, which should result from the occurrence of dynamic reaction among component rather than the good stability of pure SEBS-g-MA [15] , because temperature for maximum rate of decomposition of pure SEBS-g-MA was 465.0 0 C
Conclusions
The addition of SEBS-g-MA and DCP to WRT powder/LLDPE binary blends promotes the interfacial adhesion between two phases, namely improves compatibility between two phases. Enhanced compatibility can endow better mechanical properties of the blends. (2) The interfacial adhesion between two phases is improved in the presence of dynamic reaction, which is well supported by 6 7 result of SEM. (3) Occurrence of dynamic reaction among component reduces the crystallizable perfectness of the blends, but slightly increase the thermal stability of the blends.
Experimental
Materials
WRT powder of about 50mesh was supplied by Hongbok Industries in Korea. The composition of WRT powder was polymer content of 48.5% with a natural rubber (NR) and a styrene-co-butadiene rubber (SBR). The rest of composition of WRT powder was organic additive, carbon block and ash content of 13.4%, 27.7% and 10.4% respectively. Linear low density polyethylene (LLDPE 3120, MFI=1.0 g /10 min) was supplied by Hanwha Chemical Co in Korean. Maleic anhydride-grafted styrene-ethylene-butylene-styrene (SEBS-g-MA Kraton FG1901X) was supplied by Shell Chemical Co in USA. Dicumyl peroxide (DCP) was reagent grade and used without further purification.
Blends Preparation
Each mixture was compounded in a two-roll mill at 175 °C. After LLDPE of 40 g melting, WRT powder of 60 g and SEBS-g-MA of 10 g as well as DCP of 3 g were added. Cutting and folding processes were carried out for 10 times to ensure the homogeneous mixing of the blends. For the resulting blends, sheets of approximately 2.0 mm thick were produced by the use of compression molding. Test samples were obtained using a square cutting punch.
Tensile Properties Measurement (UTM)
Tensile properties of the dumbbell samples were measured according to ASTM D412, using a Lloyd LR10K tensile testing machine, with crosshead speed of 500 mm/min, and a load cell of 10 KN. The average value of tensile properties was calculated using at least 5 samples.
Scanning electron microscopy
SEM micrographs of fracture surface of all samples after tensile measurement were obtained using a model Philips XL-30S scanning electron microscope. The surfaces of all samples were coated by a thin gold layer.
Fourier Transform Infrared Spectroscopy (FTIR)
FTIR spectra of all samples in the range of 4000-400 cm -1 were characterized using a Perkin-Elmer 2000 in the attenuated total reflectance mode.
Differential Scanning Calorimetry (DSC)
Differential scanning calorimetry was carried out on a TA instrument DSC-Q10 in nitrogen atmosphere. Samples were heated from 25 to 200 0 C at 10 0 C /min heating rate, cooled and reheated at the same rate. Melting point was determined from the second heat scan.
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Thermogravimetric Analysis (TGA)
Thermogravimetric analysis was carried out on a DuPont TA2100 thermogravimetric analyzer from 25 to 700 0 C at 10 0 C /min heating rate in nitrogen atmosphere.
